Harmonic relations are important in the perceptual fusion of frequency components, but other factors can influence how much any given harmonic is integrated into a complex tone. This study considers whether the pattern of spectral spacing can act as such a factor. A complex tone consisting only of odd-numbered harmonics has a regular harmonic spacing of twice the fundamental frequency. The addition of a single even-numbered harmonic will locally disrupt this regular pattern. If harmonic relations alone limit the perceptual integration of the added harmonic, it should be as well integrated into the complex as its odd-numbered neighbors. Subjects were required to "hear out" one of the components of the complex and either to rate its perceived clarity (experiment 1 ) or to judge its pitch in relation to a pure tone 6% higher or lower in frequency (experiment 2). For a fundamental of 100 or 200 Hz, but not 400 Hz, the even harmonic generally could be heard out more easily than its odd neighbors. It is proposed that the poorer integration of the even harmonic at low fundamentals may result from a crosschannel comparison of amplitude-modulation rates at the output of the auditory filterbank.
INTRODUCTION
Many experimental studies have shown that harmonically related spectral components tend to fuse perceptually into a single tone--a coherent perceptual entity with an associated pitch and timbre. This indicates the operation of a mechanism that can segregate harmonically related components from inharmonic components, thereby reducing the effects of any inharmonic components on the perceptual qualities of the complex tone. Duifhuis et al. (1982) proposed a mechanism of this kind, the harmonic sieve, as a means of excluding extraneous sounds from the estimation of low pitch. These authors conceived of the hypothetical harmonic sieve as a mechanism that passes only those components whose frequencies fall (within some tolerance range) at a harmonic multiple of the fundamental (F0). Therefore, all the harmonics of a periodic complex tone will be passed when the sieve's fundamental matches that of the complex tone, but inharmonic components will be excluded.
Several experiments have indicated that the principal determinants of the low pitch of a complex tone are the lownumbered harmonics, which are well resolved (Plomp, 1967; Ritsma, 1967; Moore et al., 1985a) . For example, harmonic can be heard as a separate tone while still contributing to low piteh--a form of "duplex perception" (Bregman, 1987) . However, the results of Moore et al. (1985a) show that the exclusion of a mistuned component from the computation of pitch is gradual rather than all or none in character. With this observation in mind, speculated that a component may be weighted less and less in the computation of pitch as it becomes more and more mistuned, and at the same time it becomes more clearly audible as a separate tone.
Merely being a harmonic multiple of F0 does not guarantee the total perceptual integration of a given component into a periodic complex tone. For example, ifa harmonic in the first-formant (F 1 ) region of a voiced vowel begins before or ends after the other harmonies, then its contribution to perceived vowel quality is reduced (Darwin, 1984a,b; Darwin and Sutherland, 1984) . Other constraints are known to operate even when a harmonic begins and ends in synchrony with the rest of the components. For instance, a harmonic in a flat-spectrum complex tone becomes audible as a separate tone once its level is sufficiently high with respect to that of its neighbors. As an example, Martens (1981 Martens ( , 1984 found that incrementing the fourth harmonic of a 200-Hz fundamental by about 10 dB made it just audible as a separate tone. A related example is the finding that increasing the level of a harmonic near the F 1 peak can have less effect on perceived vowel quality than would be predicted on the basis of a complete integration of the extra energy (Darwin, 1984b) . In this case, subjects often reported the presence of an extraneous sound accompanying the vowel. Reduced effects on perceived vowel quality were especially evident for manipulations of harmonics on the lower skirt of F 1, and Darwin (1984b) has hypothesized that this reflects the influence of constrttints on plausible spectral shape. Plomp (1964 Plomp ( , 1976 and Pierap and Mimpen (1968) investigated the ability of listeners to hear out a harmonic in a periodic complex tone. Subjects were required to listen to a complex tone with 12 harmonics and to two comparison sinusoidal tones. One tone had a frequency equal to one of the harmonics, and the other had a frequency that was halfway between two harmonics. The subject's task was to choose which sinusoidal tone was actually present in the complex. The results across a wide range of fundamentals showed that subjects could easily hear out the low harmonics, but experienced increasing difficulty as the harmonic number increased. For each fundamental tested, the harmonic number for which listeners made 75% correct responses was defined as the critical number of harmonics that could be heard out.
B. Frequency resolution and perceptual grouping
The values of the critical number obtained for the range of fundamentals tested were used to estimate the critical component spacing required to hear out a harmonic in different frequency regions. Across frequency, this measure was found lo be very similar to estimates of the critical bandwidth (e.g., Zwicker et al., 1957) , suggesting that the data can be regarded as a measure of the ear's resolving power.
A task in which subjects are required to hear out a component from a complex tone can also be used to assess the extent of its perceptual integration into the complex. It is important, however, to be aware of the conceptual difference between resolving power and perceptual segregation. 
C. Developing a stimulus paradigm
Although there is a body of evidence consistent with the notion of the harmonic sieve as a mechanism underlying the perceptual fusion of low harmonics and the exclusion of inharmonic components, the experimental manipulations employed have generally focused on simple cases. For example, the complex tones employed have comprised all harmonics below a specified upper cutoff frequency, and only one harmonic has been mistuned at any one time. A stimulus paradigm of potential interest is one where more than one harmonic is missing. Stimuli of this kind may provide a means of investigating further the role of harmonic relations in perceptual grouping. Of particular interest is a stimulus for which the incomplete harmonic series itself forms a regular pattern, and that is perceived as a single perceptual entity rather than as several sound sources coincident in time.
These two criteria are met by an odd-harmonic series, which has a spectrum consisting only of odd-integer multiples of the fundamental frequency.
A complex tone consisting only of odd-numbered harmonics has a regular pattern of spectral spacing: The frequency separation between each harmonic is twice the frequency of the fundamental. Given this regularity, it is interesting to consider the consequences of adding a single, component at a low, even-integer multiple ofF0. In physical terms, such a component would be unambiguously harmonic. As an integer multiple ofF0, it should be passed by the harmonic sieve, like its odd-harmonic neighbors, and its addition should not change the low pitch of the complex tone. Indeed, if harmonic relations alone limit the perceptual integration of the added even harmonic, it should be as well integrated into the complex as its odd neighbors. However, the addition of a single even harmonic violates the equal steps (in linear terms) of spectral spacing, thus locally disrupting the regular spectral pattern of an odd-only harmonic series. By analogy with the visual phenomena described by the Gestalt psychologists (see Koffka, 1935) , it might be said that the "good form" of the odd components is not shared by the single even component. This lack of "good form" might be exploited by perceptual grouping mechanisms to segregate the even harmonic from the rest of the complex tone.
I. EXPERIMENT 1
If the pattern of spectral spacing is an important factor in determining the perceptual integration of components in a harmonic complex tone, then a single, low-numbered even harmonic may not integrate fully into a complex tone consisting otherwise only of odd harmonics. In order to evaluate this prediction, a single even harmonic was added to an oddharmonic complex tone and the degree to which it could be heard out from the complex was compared with the degree to which its neighboring odd harmonics could be heard out. Sections I A-I E describe the method and data analysis employed in this experiment. Experiment 2 employed a related method and analysis. Differences, where they occur, are described in Sec. II.
A. General method
Although the cat's resolving power is sufficient for listeners to hear out the low harmonics of a periodic complex, such a complex is usually heard as a single entity with an associated pitch and timbre. In other words, the complex is perceived "synthetically." For a pure tone component of the complex to be discerned, an analytic mode of listening is required. Martens ( 1981 ) notes that this mode of listening is typically induced by some means of directing attention to the appropriate component; for example, by varying its amplitude during the experiment (Duifhuis, 1970) or by allowing the listener to switch freely between the complex and the component in isolation (Plomp, 1964; Plomp and Mimpen, 1968 ).
There is clearly a close relation between techniques for focusing a listener's attention on a particular component in a complex tone and the phenomena of perceptual grouping.
For instance, several studies have established that the frequency proximity of pure tones is a good basis for sequential grouping (e.g., Bregman and Pinker, 1978) . Hence preceding the complex tone by a pure tone close in frequency to one of the harmonics might be regarded as providing an alternative perceptual organization for that harmonic. The competition between the two groupings may then be exploited as a means of seeing how strongly that component is fused into the complex. If a given harmonic is well integrated into the complex, it will tend not to group with the preceding tone and will therefore be difficult to hear out. If it is poorly integrated, however, it will tend to be "captured" into a separate stream by the preceding tone and will be easy to hear out. Hence the perceived clarity of the cued component can provide a means of assessing its perceptual integration into the complex. This was the approach employed in experiment 1.
B. Stimuli
The basic stimulus pattern was a sequence of two tones (A and B). Tone A was a pure tone and tone B was a complex tone. Tones A and B were separated by a brief silent interval (50 ms). Tone B was synthesized with one of three fundamental frequencies ( Twelve subjects, aged from 19-39, were tested individually in an audiometric chamber ( Industrial Acoustics Model 1202). All subjects reported having no hearing problems.
Subjects were told that on each trial they would hear a sequence of two tones, A and B, separated by a brief silent interval. Tone A was described as "pure" in quality, and tone B as "rich" in quality. A copy of tone A was said to be embedded in tone B. The subjects' task was to listen carefully to tone A and to rate how clearly they could hear its repetition in tone B, on a scale of 1-5 (perceived clarity). The extremes of the scale (1 and 5) indicated a "very unclear" and "very clear" repetition, respectively. Subjects were asked to ignore the complex tone as much as possible when listening for the sequence of two pure tones. A keyboard was used by the subjects to record their responses. After each response, there was an interval of about one second before the next trial.
The stimuli were presented as three sets of trials, each corresponding to one of the three fundamental frequencies employed ( 100, 200, and 400 Hz). The order of these sets was counterbalanced across the 12 subjects (2 X 6 permutations). A set of trials consisted of ten blocks of trials. Each block consisted of a single presentation, in quasirandom order, of the nine stimuli corresponding to harmonics 1-9 for the appropriate F0. The order of presentation within a block was randomized anew for every repetition of that block.
Thus the total number of stimuli presented to subjects during the main experimental session was 270 stimuli (3 F0s X 9 harmonics X 10 repetitions). Subjects were free to rest at any time.
Before the main session, the subjects were given a twopart practice session. In the first part, subjects were given one repetition of each of the stimuli (27 stimuli = 9 • 3 ). In the second part, they were given two repetitions (54 stimuli). These were given to anchor the judgment scale prior to each n•n of trials. The order of the three sets of trials was the same as used for that subject in the main session. Data from the practice session were then discarded.
E. Data analysis
Each subject made a total of ten responses per stimulus, on a scale of 1-5. These ten responses were summed to give a perceived clarity score for that stimulus. Thus the minimum score for a given stimulus was 10 and the maximum was 50. The mean score for each stimulus was derived by averaging the scores across the 12 subjects. At no stage in the experiment were any subjects rejected. The experiment may be described as having a two-way within-subjects design. The two factors, harmonic number and F0, had nine and three levels, respectively. An analysis of variance (ANOVA) was used to assess the significance of changes in the mean score across harmonic number and F0. This ANOVA gave a highly significant interaction between harmonic number andF0 [F( 16,176) = 3.559, P< 0.0001 ], so a one-way within-subjects ANOVA was performed separately for each fundamental.
The principal purpose of the data analysis was a planned comparison of the scores for the odd and the even harmonic numbers, which was achieved for each of the three one-way ANOVAs using a contrast within the harmonic number factor. For the harmonic numbers tested, 1-9, five are odd and four are even, so the contrast weights used were --1/5 for each odd harmonic and + 1/4 for each even harmonic. These observations indicate that when the fundamental of the complex tone was 100 or 200 Hz, the single even harmonic could generally be heard out more clearly than its odd neighbors. The exception was the lowest even harmonic tested (number 2). Apart from the second harmonic, the greater ease with which the single even harmonic could be heard out as a separate perceptual entity (i.e., a pure tone that accompanied the complex tone) implies that its perceptual integration into the complex tone was weaker than that of the odd harmonics. This finding is especially noteworthy, given that the added even harmonic was judged in a situation where the spectral density was greater than when the neighboring odd harmonics were tested (see Sec. I B). In relative terms, this might be expected to reduce the tendency of the even harmonic to segregate from the complex tone, since less well resolved components should be more difficult to hear out (Plomp, 1964 (Plomp, , 1976 Plomp and Mimpen, 1968) .
A different picture was observed when the fundamental of the complex tone was 400 Hz. In this case, the added even harmonic did not appear to be easier to hear out than its odd neighbors for any of the harmonic numbers tested. However, before a firm interpretation of these data can be reached, an important issue concerning the nature of the subjects' task must be considered. A judgment of perceived clarity cannot be independently verified, and so it cannot be demonstrated unequivocally that the judgment is governed by how well the subject can hear out the harmonic in tone B that corresponds to tone A. This problem can be addressed by asking subjects to make judgments based on the frequencies of the harmonics in tone B, as such judgments can be independently verified as correct or incorrect.
II. EXPERIMENT 2
A. Method
Stimuli
The stimuli employed in experiment l were modified for this experiment in the following way. Tone A was mistuned to a frequency either 6% above or below the frequency of the corresponding harmonic in tone B. Since the tendency for tone A and the corresponding harmonic to form a sequential stream depends on their frequency proximity (Bregman and Pinker, 1978) , the mistuning of tone A will weaken this effect. However, a preliminary investigation found that mistuning tone A by 6% did not greatly reduce the ability of subjects to hear out the corresponding harmonic. Another effect ofmistuning tone A is that the frequency proximity of tone A and the next-nearest harmonic in tone B is increased.
This effect increases with harmonic number, which might further reduce the tendency for tone A to form a sequential stream with the corresponding harmonic, or perhaps cause it to group with the "wrong" harmonic. However, for the harmonic numbers tested, 1-9, tone A was always nearest in frequency to the appropriate harmonic in tone B. The silent interval between tones A and B was 200 ms in duration, longer than that employed in experiment 1. This value was chosen because some of the subjects in a pilot study reported that the pitch jump between tone A and the corresponding harmonic in tone B sounded more "natural" in quality.
Procedure
Though small, a frequency difference of 6% between tone A and the corresponding harmonic in tone B is sufficient to judge whether the two-tone sequence ascends or descends in frequency. Since a correct response probably depends on the ability to discriminate the frequency of the attended harmonic, this judgment can be considered to add an accuracy dimension to the task.
As before, subjects were told that on each trial they would hear a sequence of two tones, A and B, separated by a briefsilent interval. Tone A was described as "pure" in quality, and tone B as "rich" in quality. A pure tone close in frequency to tone A was said to be embedded in tone B. The subjects' task was to listen carefully for a sequence of two tones, tone A and the pure tone embedded in tone B. They were required to judge whether the sequence went down or up in pitch, and also to rate the perceived clarity of the second tone. The total number of stimuli presented to subjects during the main experimental session was 540 (3F0s X 9 harmonics • 2 mistunings X 10 repetitions).
All subjects began with a two-stage screening procedure. In the first stage, all the components of tone B were removed, except for the harmonic corresponding to tone A. Thus each stimulus consisted of a sequence of two pure tones, where the second tone was either 6% higher or lower in frequency than the first tone. Subjects were required to listen to the two-tone sequence and to judge whether the pitch of this sequence went down or up. The purpose of this screening procedure was to ensure that all subjects were able to identify the direction of the pitch shift correctly when no competing sounds were present. An ability to do this was a prerequisite for participating in the main session. The total number of stimuli employed was 54 (3F0s X 9 harmonics X 2 mistunings). Subjects who were unable to reach a criterion of 90% correct on this task were eliminated. Nineteen of the 26 subjects tested were successful.
The second stage of screening employed stimuli similar tb those used in the main experimental session, except that all components in tone B other than the harmonic corresponding to tone A were attenuated by 12 dB. Subjects were again required to make a down/up judgment. As before, the total number ofstimuli employed was 54. Subjects who were unable to reach a criterion of 85% correct on this task were also discarded. Twelve of the 19 subjects tested were successful. The remaining twelve subjects were then given a twopart practice session before the main experimental session. Subjects were now required to make both a down/up judgment and a perceived clarity judgment, as in the main session. In the first part, subjects were given one repetition of each of the stimuli (54 stimuli = 9 X 3 • 2). In the second part, they were given two repetitions ( 108 stimuli). These were given to familiarize subjects with the response scale and to stabilize their judgments prior to the main session. The order of the three sets of trials was the same as used for that subject in the main session. Data from the practice session were then discarded.
Data analysis
The original intention was to derive a composite score for each stimulus by combining the accuracy score for the down/up judgment with the perceived clarity rating. This approach was abandoned for two reasons. First, there are many ways in which such a composite score could be derived, each of which is arbitrary. Second, there are circumstances in which the interpretation of a composite score might be misleading. For example, it is possible for a composite score to be positive even if 50% or more of the down/up judgments are incorrect. In principle, this could occur if the incorrect responses were associated with low clarity ratings and the correct responses were associated with high clarity ratings. Therefore, the analysis presented here is restricted to the accuracy scores for the down/up judgment alone.
For a given trial, correct and incorrect responses were assigned + 1 and --1, respectively. Each subject made a total of ten responses per stimulus, and these were summed to give a score for that stimulus. Since the pattern of responses for a given harmonic number was broadly similar for both an upward and a downward mistuning of tone A, these scores were added. Therefore, for a given F0 and harmonic number, the minimum score was --20 and the maximum score was + 20. The mean score for each combination ofF0 and harmonic number was derived by averaging the scores across the 12 subjects.
B. Results and discussion
The results are displayed in A two-way within-subjects analysis of variance (AN-OVA) was used to assess the significance of changes in the mean score across harmonic number and F0. This ANOVA gave a highly significant interaction between harmonic number and F0 [F(16,176) = 6.098, P<0.0001 ]. The significance ofthe interaction dearly results from differences in the accuracy of performance across F0 for the higher harmonics tested, the fifth and above. For the lower two F0s, the accuracy of the down/up judgment is near perfect for the even harmonics, but declines for the odd harmonics, whereas, for an F0 of 400 Hz, the accuracy of the judgment declines for both odd and even harmonics. For harmonics up to and including the fourth, the accuracy of the down/up judgment was near perfect for both odd and even harmonics. This marked ceiling effect in the data may have obscured differences between the lower odd and even harmonic numbers in the relative extent of their perceptual integration into the complex tone.
Since the interaction term was significant, a one-way within-subjects ANOVA was performed separately for each of the fundamentals. In each case, a highly significant effect The original motivation for performing these experiments was expressed in terms of the Gestalt principle of "good form." It was argued that the addition of a single lownumbered even harmonic to a complex tone consisting otherwise only of odd harmonics would disrupt the pattern of equal spectral spacing. This disruption could be a basis for the perceptual segregation of the added component. However, this proposal cannot of itself explain either the F0 dependence or the absence of an effect for harmonic number 2. An increase in F0 from 100 to 200 to 400 Hz simply transposes the complex tone through two octaves. Given that auditory filter bandwidth is approximately constant on a logarithmic scale, the resolution of the partials in the complex should be similar. Indeed, auditory filter bandwidths are greater on a log scale at frequencies below I kHz Glasberg, 1983, 1986) , so the resolution of the partials will improve when the fundamental is increased from 100 to 400 Hz. This indicates that the attenuation or absence of a perceptual difference between an added even harmonic and its odd neighbors when F0 is 400 Hz cannot be explained in terms of poor frequency resolution.
A. Pitch effects
The relation between the temporal structure of an oddharmonic complex and its perceived pitch may provide an explanation for the reduced perceptual integration of the single even harmonic observed for the lower F0s tested. The waveform of a complex tone consisting of successive inphase harmonics is a unipolar pulse train (one pulse per period), whereas the waveform of an odd-harmonic complex is a pulse train of alternating polarity (two pulses per period). There is some evidence to suggest that, for low repetition rates, an odd-harmonic complex evokes a pitch that does not correspond to its F0 (Flanagan and Guttman, 1960; Warren and Wrightson, 1981) . One might speculate that this lack of correspondence between the perceived pitch and the F0 for low repetition rates reduces the tendency of the added even harmonic to group with the odd-harmonic complex.
Flanagan and Guttman (1960) investigated the perceived pitch of several patterns of iterated pulses, including a pulse train of alternating polarity (odd harmonics only). They argued that the pitch of the bipolar pulse train would correspond to F0 only if the auditory system was sensitive to pulse polarity, otherwise it would correspond to the number of pulses per second (pps). Subjects were required to adjust the repetition rate of the bipolar pulse train until its pitch matched that of a unipolar reference stimulus (successive harmonies). Two modes of pitch perception were found. When the reference F0 was above 200 Hz, the pitch of the bipolar pulse train generally corresponded to F0, but when the reference F0 was below 100 Hz, its pitch generally corresponded to the number of pps (i.e., an octave higher than F0). Ambiguous pitch matches were common for reference F0s between 100 and 200 Hz, suggesting a transition between the two pitch modes. Warren Although these studies demonstrate that an odd-harmonic complex may evoke a pitch that does not correspond to F0, there are important reasons for doubting that the F0 dependence observed in our data can be accounted for in this way.
(1) It is noteworthy that neither the Flanagan and Guttman (1960) study nor the Warren and Wrightson (1981) study showed any pitch ambiguity for an odd-harmonic complex when F0 was 200 Hz. Despite this, experiments I and 2 have both demonstrated that an added even harmonic is significantly easier to hear out than its odd neighbors when F0 is 200 Hz.
(2) The Gerson and Goldstein (1978) study casts doubt on whether the odd-harmonic complex we employed would have evoked an ambiguous pitch even when its F 0 was 100 Hz. They investigated the perceived pitch of stimuli composed of four successive odd harmonics and synthesized with an F0 of 100 Hz or in the region of 100 Hz. Two tasks were employed--a pitch-matching task and a musical-interval recognition task. In contrast with the Flanagan and Guttman (1960) findings, they found that the perceived pitch of these stimuli usually corresponded to F0.
The difference in the findings of these two studies may result from differences in the stimuli employed, particularly the total number of odd harmonics present, although such an explanation remains speculative. Given the lack of consensus in the literature, the only way to be sure that pitch ambiguity was not an important factor in our study was to test the odd-harmonic complexes used in experiments 1 and 2. Therefore, we asked four of the subjects who had participated in experiments 1 and 2 to take part in an informal pitch-matching task. They were required to match the pitch of the odd-harmonic complexes used in these experiments (F0 = 100, 200, and 400 Hz) with a sawtooth wave (successive harmonics, -12 dB/oct slope) of adjustable period. The matches obtained were very close to the actual F0 in all cases. Therefore, we consider it unlikely that the F0 dependence of the perceptual integration of an added even harmonic reflects a nonfundamental pitch for the lower fundamentals tested.
B. A temporal-pattern hypothesis
The auditory system may exploit temporal information partly to exclude the added even harmonic from the oddharmonic complex tone. Indeed, any mechanism with limited temporal resolution might account for the F 0 dependence of our data, since the repetition rate of the waveform doubles with an octave increase in F0. A likely source of temporal information is the output of those auditory filters where the frequency resolution is poor enough for more than one of the harmonics to interact.
Interactions between partials unresolved by a given auditory filter give rise to amplitude modulation (AM) at the output of that filter. If the rate of AM were compared across channels, it could provide a means of identifying those components that "belong" together. Since the spectral spacing of harmonics in an odd-harmonic series is twice the fundamental frequency, the envelope of the output of the channels in which components of the complex tone interact will be modulated at a rate of twice F0. The addition of a single even harmonic gives a local region in the spectrum where the frequency of the spacing is half this value, the same as the used to produce both harmonic and inharmonie partials. They found that fusion was best when the higher and lower complex tones were modulated at the same rate and in phase, even x•hen the resulting partials did not form part of the same harmonic series. Although the effects they observed were quite small, their study demonstrates the contribution of a periodicity-matching mechanism to perceptual fusion, and one that operates quite independently of the relation of the partials to a common F0.
E. The effects of temporal resolution
We have suggested that the auditory system may employ a cross-channel comparison of modulation rates at the output of the auditory filterbank as a means of perceptually segregating an added even harmonic from an odd-harmonic complex. This hypothesis can also provide a plausible explanation for those instances where the single even harmonic does not behave differently from its odd neighbors. For example, when harmonic number 2 is added to the odd-harmonic complex, it is probably too well resolved from its odd neighbors to interact significantly with them at the output of any auditory filters. Hence there will be no detectable local rate of AM to identify harmonic number 2 as the "odd man out" and the reduced perceptual integration evident for harmonic numbers 4, 6, or 8 is not seen.
There are several studies indicating that the temporal resolution of the auditory system may be an important factor underlying performance in our experiments. Temporal resolution is often quantified by measuring the threshold for detecting the amplitude modulation of a white noise as a func- Moore (1990) has suggested that cross-filter comparisons of temporal envelopes are a general feature of auditory pattern analysis, which may play an important role in extracting sounds from noisy backgrounds and in separating competing sound sources. A mechanism of this kind clearly has the potential to explain the phenomena demonstrated by experiments 1 and 2. We suggest, therefore, that the reduced perceptual integration of the added even harmonic at low fundamentals may result from a cross-channel comparison of amplitude-modulation rates at the output of the auditory filterbank. As a preliminary account of our findings, the temporal-pattern hypothesis has the advantage that it provides a basis for predicting the effects of certain stimulus manipulations. Thus it is easily amenable to evaluation by experiment.
If the detection of modulation at the output of the auditory filters plays a key role in the reduced perceptual fusion of the added even harmonic at lower fundamentals, then any means of disrupting this cue should attenuate or abolish the effect at the lower fundamentals. This might be achieved in one of two ways: first, by a phase manipulation of the partials in the complex tone that minimizes the depth of AM at the output of the auditory filters; second, by the addition of a noise of sufficient level and bandwidth to mask the patterns of modulation evoked by the complex tone at the output of the auditory filters. These approaches to evaluating the temporal-pattern hypothesis are the subject of a subsequent paper.
In conclusion, the experiments reported here demonstrate that harmonic relations are not the only factor that can influence the perceptual fusion of simultaneous components in a complex tone, at least for fundamentals of 100 and 200 Hz. Although the underlying mechanism is as yet unclear, it is evident that the pattern of spectral spacing can be an important factor in auditory grouping.
